Background
Radicular pain in the lower extremities known as neurogenic claudication is considered to be the main symptom of Lumbar Spinal Stenosis (LSS) [1] [2] [3] . According to criteria from the North American Spine Society, the most dominant historical and physical finding in lumbar spinal stenosis, is gluteal or lower extremity pain, which is exacerbated by walking and relieved by flexion of the spine [4] . Whether or not patients have this symptom is considered one of the most important clinical signs, when evaluating a patient for lumbar spinal stenosis [5] . However, most of the patients with symptoms of lumbar spinal stenosis describe both leg pain and low back pain [6] , and it may be difficult for patients to define whether the leg pain or back pain is dominant [7] .
Low back pain is multifactorial, and several explanations are possible. Radiological findings of lumbar spinal stenosis may be incidental, since a high proportion of radiological lumbar spinal stenosis has been documented in asymptomatic subjects [8, 9] . Dominance of leg pain is commonly considered to be best indication for decompressive surgery. In most trials the patients report postoperative improvement in functional scores, leg pain and low back pain, after posterior decompression [10, 11] . Some studies have tried to identify predictors of clinical outcomes after posterior decompression for lumbar spinal stenosis [12] , but very few strong predictors has been found [13] . Surgical treatment for lumbar spinal stenosis is considered by many to be superior to non-surgical treatment [14] [15] [16] [17] , but the most recent Cochrane review of the efficacy of surgical treatment versus non-surgical treatment, in which only trials with neurogenic claudication as main inclusion criterion were included, did not support this conclusion [18] . The effect of surgery in patients with atypical symptoms and radiologically verified lumbar spinal stenosis is to our knowledge not sufficiently researched.
The aim of the present study was to investigate whether or not the degree of preoperative lower extremity pain influences the clinical results after decompressive surgery for lumbar spinal stenosis.
Methods

Study population
This cohort study is based on data from the Norwegian Registry for Spine Surgery (NORspine). Patients labeled as having had surgery for lumbar spinal stenosis with midline retaining decompression in the period from 7/1-2007 to 11/3-2013 were included. In this period 31 of the Norwegian hospitals (86%) reported to the register. All patients receive oral and written information among their participation in the registry. They sign a written consent to participate in the registry. The registry protocol was approved by the Norwegian board of ethics, REC Central (2014/98).
The patients in this study were divided into four groups based on patient-reported preoperative Numeric Rating Scale (NRS) -a score for lower extremity pain. Patients in group 1 had insignificant lower extremity pain (NRS-score = 0, 1 and 2), group 2 had mild or moderate pain (NRSscore = 3, 4 and 5), group 3 had severe pain (NRS-score = 6, 7 and 8) and group 4 had extreme severe pain (NRS-score = 9 and 10) (Fig. 1) .
Patient reported outcome measures
The NORspine uses a recommended [19] [20] [21] [22] [23] [24] set of patient reported outcome measures (PROMs). The questionnaires are self-administered at admission for surgery (baseline) and at 3 and 12 months follow-up. At baseline the forms also include questions about demographics and lifestyle issues.
During the hospital stay the surgeon records data concerning exact spinal diagnosis for surgery, possible spinal co-diagnosis, comorbidity, radiological classifications, the American Society of Anesthesiologists (ASA) grade, perioperative complications, operation method, duration of surgery and hospital stay. Patients were selected for the present study if the surgeon had ticked the registration form for the diagnosis lumbar spinal stenosis (without any additional spinal co-diagnosis, as degenerative spondylolisthesis) and that midline retaining decompression had been performed (without additional fusion).
Outcome assessment
The primary outcome was change in pain-related physical function, assessed by the Norwegian version of the Oswestry Disability Index (ODI) questionnaire, version 2.0 [20] . It contains ten questions related to pain limitations in activities of daily living, ranging from 0 (no disability) to 100 (worst possible). Successfully treated patients were defined as patients reaching at least 30% reduction of the baseline ODI score [25] , and the number of patients in each group reaching this level was recorded. These analyses were performed with and without adjusting for baseline values.
Secondary outcomes
Secondary outcome measures were changes in NRS (from 0 (none) to 10 (worst possible)) for leg and back pain, and health related quality of life measured by the EQ-5D (ranging from − 0.59 to 1).
The ODI, NRS pain scales, and EQ-5D have shown good validity and reliability, and the Norwegian versions of these instruments have shown good psychometric properties [22] [23] [24] .
Statistics
Descriptive statistics for baseline characteristics were performed, as well as for clinical outcomes. Frequencies were used for categorical variables, whereas mean and standard deviations were used for continuous variables. To assess differences in distributions across the four patient groups, the standard Chi-square test was used for categorical variables, whereas ANOVA tests were used for continuous variables. Standard t-tests were used to analyze clinical outcomes separately for each patient group. Since differences in baseline parameters between the four groups were found, multivariate linear and logistic regressions were used to further analyze the association between lower extremity pain and clinical outcomes. The variables in the linear and logistic regressions were age, sex, Body Mass Index, smoking status, preoperative ODI, preoperative NRS-score for leg pain and preoperative NRS-score for low back pain. Age, Body Mass Index, preoperative ODI and EQ-5D were included as linear variables and smoking status, sex and the NRS-scores were categorical variables. When analyzing the probability to be classified as successfully treated logistic regression were used, adjusting for baseline values.
Results
Baseline characteristics
There were 3181 patients with lumbar spinal stenosis who underwent decompressive surgery in this register cohort. None of these patients had spinal co diagnosis. Regarding preoperative pain in the lower extremities, there were 154 patients in group 1; 753 patients in group 2; 1766 patients in group 3; and 528 patients in group 4 ( Fig. 1) .
The follow up response rate after 12 months was around 80% (77.8-81.0%) (Fig. 1) . Baseline data are presented in Table 1 . Statistically significant differences in baseline data across the four groups were found in all pain and function parameters. There were statistically significant differences between the four groups in age, sex and in smoking, but not in BMI. Patients in group 1 were younger, and there were higher proportions of males and non-smokers compared to the other groups. At baseline we found that the higher the NRS-score for leg pain, the higher were the scores for ODI, NRS-score for low back pain, and EQ-5D (p < 0.05).
Primary outcome
The mean change in ODI from baseline to 12 months postoperatively was significantly different between the four groups ( Fig. 2 and Table 2 ).
The multivariate linear regression analysis (Table 3) shows that the more intense the preoperative leg pain, the greater is the probability of achieving a positive clinical outcome measured as a numerical improvement in ODI-score. This is so even after adjusting for factors like age, smoking, and Body Mass Index and baseline questionnaire-scores (ODI, NRS-score lower extremity pain, NRS-score low back pain and EQ-5D). Groups 3 and 4 had a significantly greater improvement in the primary outcome, compared with group 1. Group 2 also appeared to have a greater improvement compared with group 1, but the difference was not statistically significant. In addition to lower extremity pain, higher age, positive smoking status, higher BMI, high values for preoperative back pain, poor preoperative health condition and low preoperative ODI were factors that were associated with significantly inferior clinical outcomes (see Table 3 ).
The percentage of patients classified as being successfully treated (30% better ODI than preoperatively) in each of the four groups is presented in Fig. 4 . No differences were found between the four groups (Pearsons Chi-Square), P = 0.19. After adjusting for differences in baseline values the 
Secondary outcomes
The mean changes from baseline to 12 months follow up are given in Table 2 . The trends for the secondary outcome parameters were the same as for the primary outcome, the higher preoperatively NRS-score for leg pain, the greater the probability of a positive clinical outcome after surgery. Group 1 reported a worsening of the mean score for lower extremity pain from baseline to 12 months follow up (Table 3 , Fig. 3 ).
Discussion
In this cohort we studied patients with lumbar spinal stenosis undergoing decompression surgery, as reported to the Norwegian Registry for Spine Surgery (NORspine). Regarding the primary outcome (change in ODI), and secondary outcomes (change in EQ-5D, and NRS-score for lower extremity pain and back pain), we found a significantly lower improvement among patients with insignificant preoperative lower extremity pain, compared to the other groups with more severe leg pain. These findings are in accordance with the findings of Kleinstuck et al. [26] , who reported that more back pain than leg pain at baseline, was associated with a significantly worse outcome after decompression for lumbar spinal stenosis. The multivariate linear regression analysis (Table 3) shows that the more intense the preoperative leg pain, the greater is the probability of achieving a positive clinical outcome, measured as a numerical improvement in the ODI-score.
Patients with insignificant preoperative lower extremity pain reported a worsening in mean values for lower extremity pain after surgery.
However, a majority of patients in the present study reported an improvement in outcome parameters, even those patients with insignificant preoperative lower extremity Table 2 . The patients are divided into four groups according to their preoperative Numeric Rating Scale (NRS) -score for lower extremity pain. Group 1 = NRS-score 0, 1 and 2, group 2 = NRS-score 3, 4 and 5, group 3 = NRS-score 6, 7 and 8 and group 4 = NRS-score 9 and 10 for lower extremity pain pain. The mean improvement was 8 ODI points in this group, and 55.6% reported a reduction of at least 30% in ODI score at12 months follow up (Fig. 4a) . It may be argued that patients without pain radiating to the lower extremities do not fulfil the clinical criteria for spinal stenosis and should not have had surgery. Whether the improvement is due to the surgery, or a placebo effect, or the postoperative rehabilitation program, is difficult to determine. It is documented within other orthopedic fields that also sham surgery has effect on clinical outcomes [27] [28] [29] .
The patients in group 1 had significantly lower pain-and function score at baseline compared to the other groups. They would require less improvement to achieve a 30% reduction of the ODI-score, compared to those high baseline score.. This may be part of the explanation for why the four groups show no significant difference in success rate in the unadjusted analysis. However, when adjusting for the differences in the baseline scores, the logistic regression analysis showed significant difference between the groups in the predicted number of patients reaching a 30% improvement of ODI score. The patients with less lower extremity pain have a statistically significant higher proportion of patients with inferior outcome compared to patients with higher degree of lower extremity pain.
Limitations of this study
In the NASS-criteria for clinical symptoms it is stated that low back pain, gluteal pain and lower extremity pain are symptoms of lumbar spinal stenosis.
Patients may find it difficult to fit their symptoms into a standardized questionnaire used in a registry, so there may be errors in preoperative classification. It might be difficult to identify the exact location of their symptoms [6] . In the registry forms, patients are asked to quantify their pain intensity (NRS) during the previous week in the lower back or gluteal region, and in the lower extremity. But should they for instance note their pain in the buttock as back pain or leg pain? Furthermore, should buttock pain be registered as radiating pain to the extremity?
Two of the main symptoms of lumbar spinal stenosis, neurogenic claudication and relief of pain while bending forward, are not asked about, either in the patients' or in the surgeons' questionnaires. These are amongst factors that may influence the clinical outcome after surgery, which cannot be accounted for in the present register study. Some would claim that patients with insignificant lower extremity pain do not have the cardinal symptom of lumbar spinal stenosis, and therefore should not have undergone surgery. The results of the present study show that the clinical outcome in patients with insignificant lower extremity pain could be interpreted as inferior. Some of these factors may account for the possibly inferior clinical outcome accounted for in patients with insignificant lower extremity pain.
Recently it has been questioned if the Oswestry Disability Index is well enough validated for patients with spinal stenosis (oral presentation in Eurospine convention 2017) [30] . However, a recent publication from the SWESPINE register show a high consistency between a five point Global Assessment-scale and the ODI questionnaire and NRS for low back pain/lower extremity pain in over 94,000 patients, including lumbar spinal stenosis patients [31] . This shows that an improvement of ODI is consistent with the patients' self-reported effect after surgery.
The success-rate, reported in the present study is based on success criterion of 30% reduction from baseline ODI. There were no differences in the proportion of patients registered as successfully treated in the four groups. This indicates that some patients have benefited from surgery. There is no consensus, to our knowledge, as to what are the best criteria for determining a successful result of surgery for this group of patients, and more research is needed to define optimal criteria for success [32] .
The NORspine register does not include objective radiological parameters. The patients and the surgeon can have misinterpreted the symptoms of lumbar spinal stenosis. The Wakayama study from Japan [9] , showed that a high proportion of an asymptomatic population had radiological findings corresponding to lumbar spinal stenosis, so the radiological findings of lumbar spinal stenosis may be incidental findings. These factors may also contribute to the inferior results in Group 1. This is an observational register-cohort study, and therefore reflects a variation of practice amongst the Norwegian Fig. 3 Mean change in lower extremity pain. Mean change in lower extremity pain (with SD) from baseline to 12 months of follow upThe patients are divided into four groups according to their preoperative Numeric Rating Scale (NRS)-score for lower extremity pain. Group 1 = NRSscore 0, 1 and 2, group 2 = NRS-score 3, 4 and 5, group 3 = NRS-score 6, 7 and 8 and group 4 = NRS-score 9 and 10 for lower extremity pain Fig. 4 Number of successfully treated patients in the four different groups. a Number of successfully treated patients in each group. Success was defined as an improvment from baseline ODI of 30%. No differences between the four groups were found. Pearson Chi-Square test = 4.7755 Pvalue = 0.189. Analysis performed without adjusting for differnces in baseline values. b The predicted probility of being classified as successfully treated patient when adjusting for baseline variables The figure show that there are significant differences when comparing group 3 and 4 to group 1, both p-values = 0.01. Not significant values when comparing group 2 to group 1, p-value = 0.23. The patients are divided into four groups according to their preoperative Numeric Rating Scale (NRS) -score for lower extremity pain. Group 1 = NRS-score 0, 1 and 2, group 2 = NRS-score 3, 4 and 5, group 3 = NRS-score 6, 7 and 8 and group 4 = NRS-score 9 and 10 for lower extremity pain surgeons performing spinal surgery. Information about multiple patient-related factors that influence the decision making of the surgeon is not always possible to incorporate in a registry. To answer specific questions, one needs to perform a prospective comparative trial, preferably a randomized trial.
Strengths of this trial
A register trial has a high external validity. This is a cohort from most of the hospitals performing spinal surgery in Norway in the given period. The high numbers of patients in the study strengthens the validity of the results.
The surgical techniques used in this study are similar, and have been documented not to influence the clinical outcome. All patients in the present study had surgery for lumbar spinal stenosis with spinal decompression with a midline retaining method (unilateral laminotomy with crossover, bilateral laminotomy or spinous process osteotomy), without additional fusion. A previous study from the same register showed similar clinical results after using these three posterior decompression techniques [10] .
Conclusion
In this national register study the analysis show that patients with insignificant lower extremity pain had less improvement in primary and secondary outcome parameters from baseline to follow-up compared to patients with more severe lower extremity pain.
